viewed in 49 patients undergoing Caspar anterior cervical plating at our institution . Patients were excluded from the study if less than 1 month of follow-up evaluation was available. The purpose of the study was not to evaluate the long-term outcome of patients treated with Caspar plating but rather to correlate the radiographic appearance of the construct with the patient's clinical course during the first weeks after surgery. Our previous experience had indicated that plate failures usually occurred within 1 month of operation. All patients underwent operation via the standard anterior cervical approach. Autologous iliac bone crest was used as the graft material in all one-level fusions and in all corpectomies up to two levels. Allograft fibula bone was used when decompressions longer than two vertebral bodies were performed.
A construct was considered a mechanical failure if follow-up radiographs revealed screw backout, screw breakage, plate pullout, or pseudarthrosis, whether or not the patient experienced clinical symptoms. After assigning a "failed" or "nonfailed" grade to each construct, the independent variables of age, diagnosis, length of Caspar plate, and previous operation were evaluated for a predictive association with plate failure.
The radiographic appearance of the construct immediately postoperatively and at follow-up evaluation was compared in each patient for whom the appropriate radiographs were available. Each screw was examined for evidence of failure, as noted. Additionally, the distance between the cephalad cortex of the upper body and the caudal cortex of the lower body of the construct was measured on radiographic films obtained immediately postoperatively and at follow-up review. The length of the plate was measured and all distances normalized to the actual plate length, as recorded in the operative notes. The amount of construct telescoping could thus be determined for all cases, whether failed or nonfailed.
Results
The pertinent clinical data for the patients included in this study are presented in Table 1 . Bicortical screw purchase, verified by postoperative radiographs, was achieved in all patients. Several patients who did not meet the criteria for plate failure were still noted to have construct telescoping on their follow-up radiographs. Eleven patients met the criteria for plate failure (Fig. 1 ). There were five cases of screw backout, three of screw breakage, two of plate pullout, and one case of pseudarthrosis. Of these patients six were asymptomatic and were treated with a hard collar until fusion was documented radiographically, whereas four required reoperation for plate removal because of dysphagia. The two patients whose plates pulled out required treatment with halo vests. The patient with a symptomatic pseudarthrosis underwent posterior fusion. Nine patients developed a bone fusion, one developed a fibrous union, and one was lost to follow-up review after 30 days.
The likelihood of construct failure was associated with increasing age (Fig. 2 ) and increasing plate length (Fig. 3) . Similarly, hardware failure was found in 42% of patients undergoing reoperation. Using logistic regression modeling, a probability equation was generated that described the likelihood of plate outcome given a certain variable. Plate length correctly predicted the outcome in 81.4% of cases, and this relationship was statistically significant (chi-square test, p = 0.0024). The other variables only marginally increased the power of the equation and were thus discarded. However, it is likely that age and reopera- tion would prove statistically significant if the patient sample were larger.
Twenty-three patients had radiographs that allowed evaluation of construct telescoping. More telescoping occurred in patients with longer constructs, and it is also this group that is more prone to hardware failure (Fig. 4) . The mean amount of telescoping in the 16 patients in the nonfailed group was 2 Ϯ 1.6 mm and the mean decrease in height was 4.3% Ϯ 3.6%. In contrast, the mean telescoping in the seven patients in the failed group was 6 Ϯ 3.1 mm and the mean decrease in height was 9% Ϯ 3.1%.
Discussion
The clinical effectiveness of the Caspar anterior cervical plating system has been well established in reports on the treatment of fractures of the cervical spine. 4, 8, 12, 14, 15 These authors documented screw loosening or breakage in 0% to 7.5% of cases but did not comment on construct telescoping. Our experience verifies these findings; none of the 13 patients with cervical fractures in this series showed clinical or radiographic evidence of failure. However, in general, trauma patients tend to be relatively young and healthy compared to the overall population. Advances in medical technology have resulted in many older and sicker patients becoming candidates for anterior cervical plating. Many of these patients suffer from multilevel disease, necessitating long constructs. Often these patients have already had one or more operations to the anterior or posterior cervical spine. The fate of cervical instrumentation in these complicated cases has not been thoroughly addressed.
This study reviewed the effectiveness of Caspar plates in maintaining construct integrity in the presence of many types of cervical pathology. Some type of shortcoming was noted in 11 of 49 patients, but clinical symptoms, usually dysphagia, occurred in only five patients. A consistent finding in all patients was telescoping, which occurred as the graft and vertebral bodies settled in the early phase of the healing process. Usually, the Caspar instrumentation This 78-year-old woman underwent a one-level corpectomy and Caspar plating for spondylotic myelopathy (A). At 2-month follow-up examination, she was noted to have telescoping of the plate across the lower disc space and an inferior screw backout (B). She was treated for an additional month in a hard collar and developed a radiographic bone fusion with no adverse symptoms. C and D: This 74-year-old man underwent a two-level corpectomy and Caspar plating for spondylotic myelopathy (C). Four months postoperatively, he was noted to have profound telescoping, lower screw breakage, and upper screw backout (D). Additionally, he had developed dysphagia. The instrumentation was removed and solid fusion was noted. His dysphagia resolved. E-G: This 79-year-old woman underwent a four-level corpectomy and Caspar plating for postlaminectomy kyphosis (E). At the initial operation her bone quality was considered extremely poor, so she was placed in a halo vest immediately postoperatively. A follow-up radiographic film obtained 2 weeks later demonstrated a plate pullout (F). She suffered dysphagia and the instrumentation was removed. The patient was treated in the halo vest for several months and bone fusion was noted at a 1-year follow-up examination (G). compensated by small movements of the screws along the slots and migration of the plate along the anterior surfaces of the vertebral bodies. However, if the amount of telescoping became excessive, screw breakage or plate pullout resulted. Screw backout rarely occurred without telescoping. Telescoping might be conjectured to occur more frequently in the Caspar system, and others like it, in which the screws are not locked into the plate. However, such a system also allows the vertebral bodies to loadshare more effectively than a locking screw system, conceivably improving the rate of bone fusion. Such improvements remain to be determined.
Of the clinical factors studied, plate length was statistically predictive of plate failure. Other variables such as age, reoperation, and extent of procedure showed definite associations with higher failure rates but were not statistically significant. Together these data indicate, as does common sense, that more extensive operations in older people are more likely to fail. However, an encouraging finding is that most of the hardware-related problems encountered were treated with hard collars or with halo vests. No patient experienced graft dislodgment or a new neurological deficit related to plate failure, and the ultimate fusion rate was nine (90%) of 10 in the failure group, with one patient lost to follow-up review. Overall, 47 of the 49 patients achieved solid fusion without revision of their initial bone graft. One patient required a secondary fusion for symptomatic pseudarthrosis and one was lost to follow-up review.
The Caspar system is a nonconstrained screw plate system requiring bicortical purchase of the vertebral bodies. Telescoping of the bone-plate construct occurs to some degree in almost all patients and is for the most part tolerated by a combination of slot-slippage and screw angulation. Bone fusion can be expected in these patients. Excessive telescoping is to be expected in elderly patients with poor bone quality or when extremely long constructs are required. Excessive telescoping can result in screw backout, screw breakage, or frank plate pullout. Approximately half of the patients with radiographic evidence of screw backout or breakage may be asymptomatic; most of the others may be managed successfully with hardware removal. Halo bracing is only required occasionally, and a stable fusion may be expected even in the presence of hardware loosening. Excellent results were routinely obtained in operations for traumatic cervical injury.
Consequently, the Caspar system is a viable option for anterior cervical plating. The failure mechanisms of the newer constrained locking plate systems remain to be elucidated. A valid comparison can be made only after the hardware failure rates and bone fusion rates for all systems in all circumstances can be predicted. FIG. 3 . Bar graph showing the relationship of plate length to plate failure. Caspar plates 60 mm and longer had a failure rate of 64%. By logistic regression analysis, plate length was shown to be a statistically significant predictor of plate outcome (the longer the plate, the higher the probability of plate failure).
FIG. 4.
Scatterplot showing the relationship of telescoping to plate length. For this group of 23 patients, which was selected by the presence of adequate postoperative films, plate failure was associated with more telescoping, particularly at longer plate lengths. No patient with less than 3 mm of telescoping experienced hardware loosening.
